Thank you for submitting your manuscript on gamma-TuRC and EB1 in spindle positioning control for consideration by The EMBO Journal. It has now been seen by three expert referees, whose comments are copied below. All referees consider your study potentially interesting and important, however they also raise a number of substantive issues that would need to be satisfactorily addressed prior to publication. Should you be able to do so, we would in this light be happy to consider a revised version of this manuscript further for publication. In this regards, I should point out that it is our policy to allow only a single round of major revision, and that it will therefore be crucial to carefully and comprehensively respond to all points at this stage. In particular, a key point for the revision will be to substantiate the major conclusion that the observed effects on spindle positioning are independent of general microtubule nucleation and centrosomal gamma-TuRC functions, as requested by all reviewers. Furthermore, solidifying the evidence for the presence of actual metaphase spindles in many of the experiments (see referees 1 and 2) will be another key point. On the other hand, I feel (contrary to referee 2's suggestions) that it will NOT be essential to extend this work to an in-depth experimental study of Augmin and NEDD1 roles -although further discussions and any such data you may already have to answer the respective queries would of course be helpful. Should you need any further clarifications regarding the referee reports and the revisions requirements, please do not hesitate to write back to me directly! We generally allow three months as standard revision time, and it is our policy that competing manuscripts published during this period will have no negative impact on our final assessment of your revised study. However, we request that you contact the editor as soon as possible upon publication of any related work, to discuss how to proceed. Should you foresee a problem in meeting this three-month deadline, please let us know in advance and we may be able to grant an extension.
Thank you for the opportunity to consider this work! I look forward to your revision.
_____ REFEREE REPORTS:
Referee #1:
The manuscript by Bouissou et al. presents data describing a novel function of the gamma-tubulin ring complex (gammaTuRC) in mitotic spindle positioning, an important process that is crucial for proper development and maintenance of tissue homeostasis and has also been linked to tumorigenesis. The data suggests that this novel function requires gammaTuRC-specific proteins, which in flies are not essential for basic centrosomal nucleation activity and mitotic progression. Mechanistically it is proposed that gammaTuRC recruited to astral microtubules via augmin regulates the dynamic properties of astral microtubules to control spindle positioning, and that this function is antagonized by EB1. This is a provocative manuscript that extends previous work by the same group on the localization of gammaTuRC along interphase microtubules and the regulation of their dynamic properties. Overall the paper is well written and the data is of good quality. However, some important controls are missing to confirm that the observed effects are independent of general gammaTuRC nucleation activity and function at centrosomes/spindle poles, and are specific to gammaTuRC bound laterally to astral microtubules, as claimed by the authors. 
2) Fig 1:
Impaired spindle positioning could be explained by centrosomal nucleation/aster organization defects rather than specific effects of non-centrosomal TuRC on astral microtubule dynamics. Consistent with this possibility previous work by the authors has shown an increase in monopolar spindles after Dgrip75 RNAi. Surprisingly, the current study does not observe this (Fig. S4A ). This conflict needs to be clarified. The authors state in the text (p. 5) that aster-forming activity is not affected. However, at least for depletion of Dgrip128 a significant increase in short MT asters in prophase is observed (Fig. S2C ). Additional data is not presented. The issue should be addressed by a mitotic microtubule regrowth assay and by counting astral microtubules at metaphase.
3) The authors cannot exclude that Dgrip75-deficient gamma-tubulin complexes at spindle poles affect microtubule dynamics and spindle positioning, rather than lack of gammaTuRC on astral microtubules. The authors should test whether the same defects are also observed upon depletion of augmin, which would only interfere with gammaTuRC recruitment to astral microtubules but not with its assembly/function. In human cells this is difficult due to pole fragmentation after augmin depletion, but in Drosophila this should be possible. Fig 1C: The GCP4-depleted cell that is shown has obviously not yet assembled a proper metaphase spindle (and might never do so) -this is a prometaphase configuration with uncongressed chromosomes. It is trivial that such cells will not have proper centrosome separation and alignment/orientation when compared to control metaphase spindles. Only cells from the same stage should be analyzed and compared. Fig. 2C : A control metaphase cell stained with the same antibodies is required in the same panel. Fig. 2D , 2E, S3: Are augmin and gamma-tubulin complex subunits on astral microtubules only seen in prometaphase and telophase in Hela cells? It is important to show a metaphase cell. Fig. S3F , S3G: Metaphase should be shown for all cells. These figures also lack control treated cells stained with the same antibodies. From the pictures of treated cells alone it cannot be concluded that augmin depletion reduces astral microtubule localization of -tubulin. Also, gammatubulin staining in panel G looks underexposed when compared to, for example, panel C. I understand the technical challenges, but changes in gamma-tubulin on astral microtubules should be quantified in some way. 8) I don't understand why the analysis of MT dynamics of interphase wildtype cells is presented in the main figure? It is more important to include the dynamic MT parameters from Dgrip75-depleted, EB1-depleted, and Dgrip75/EB1 codepleted cells in the table.
4)

5)
6)
7)
9) From the dynamic MT parameters it is not clear why the Dgrip75-depleted cells would have longer astral microtubules and not the opposite (since the authors claim that gammaTuRC stabilizes astral MTs). This should be addressed/explained. 10) Fig. 4 : Pictures of spindles in control and treated cells should be provided. Again it would be crucial to compare only cells at metaphase (see point 4 above). Fig. 6 : The proposed increase in tubulin-GTP islands is interesting, but the provided data a little weak (no analysis of mitotic cells, no costaining with EB1). Colocalization of tubulin-GTP and EB1 could be tested by using cells expressing EB1-GFP. The effect of HAUS6 depletion on interphase EB1 localization are surprising, since a function of augmin in interphase has not been described previously. It may be useful to restrict the analysis to mitotic cells, which will be sufficient to support the main conclusions of the study.
11)
Referee #2 :
In this report, Bouissou and colleagues study the relationship between gamma-tubulin containing complexes and the regulation at microtubule plus ends in the establishment and positioning of the mitotic spindle. The authors show that depletion of Dgrip75 (and Dgrip128) perturbed the spindle orientation activity of Ed-Pins in Drosophila. Consistent with this, depletion of GCP4 (the human ortholog of Dgrip74) and Dgrip75 in neuroblast also caused spindle positioning defects. Together these data expose a role for gamma-tubulin containing protein complexes in spindle positioning. The authors then show that the localization of gamma-tubulin ring complexes to astral MTs depends on the Augmin complex, which also localizaes to spindle microtubules at that gamma-TuRCs contribute to the regulation of astral MT dynamics. Finally, the authors demonstrate that suppressing MT dynamics in combination with GCP4 RNAi can, to some degree, rescue spindle positioning possibly through defective EB1 loading and/or an increase in GTP-Tubulin along MTs. Overall, this is a nice story but the authors need to consider the following issues:
-The localization of gamma-TuRCs and Augmin to astral MT is strikingly clear yet very surprising since this was not previously observed so unambiguously. To achieve this, the authors used a somewhat unorthodox protocol, which may confound their observation. Similar issues have been previously observed with other MAPs when pre-extraction is used. It is important that the authors solidify as best they can this issue. I suggest some ideas in the points below.
-The authors should consider arresting cells at metaphase (using MG132 for example) to better appreciate astral MTs. Analysis of anaphase/telophase cells can be problematic considering the eminent disassembly of kinetochore MTs (where a good proportion of Augmin and gamma-TuRCs localize). This is particularly true for the co-localization of gamma-tubulin and the Augmin complex shown in Figure 3C . Essentially, I would like the authors to show labeling of astral MTs in metaphase cells as this was not very clear in the current version of the manuscript.
-It was previously shown by the authors that NEDD1 localizes to interphase microtubule ends. Is Augmin also there? -The localization of gamma-tubulin to Astral MTs in live cell is not very convincing and could be improved.
-The authors should confirm by Western Blot that the levels of gamma-tubulin are not altered after Augmin RNAi treatment.
-It would be of interest to know if NEDD1 is required for loading of gamma-tubulin on astral MTs. This would be consistent with the published role for NEDD1 in the recruitment of gamma-TuRC to centrosomes and further validate the requirement for Augmin they describe. Additionally, is NEDD1 localization to astral MTs affected by Augmin depletion? Together, these experiments will allow the authors to establish if the recruitment hierarchy between Augmin, NEDD1 and gammatubulin observed within the spindle operates identically on astral MTs.
-The authors should investigate what happens to astral MT dynamics when kinetochore assembly is perturbed. From this reviewer's perspective, it remains possible that defects in spindle architecture, not MT nucleation can alter both plus-end dynamics and astral MT length and conformation.
-I think it would be very important to discuss relative forces that act on the mitotic spindle that can contribute to its efficient positioning. Perhaps modulating Augmin, gamma-TuRC activity, or even kinetochore microtubule assembly can have a huge affect on available tubulin and can potentially skew MT nucleation in favor of astral microtubules.
-The authors should clarify what they believe the Augmin complex is actually doing. Nice work from the Goshima lab using electron tomography challenges how the authors think Augmin functions in astral microtubule dynamic regulation.
-It is mentioned that "less straight" astral MT are observed and that astral MT number is not reduced in absence of Dgrip75. This should be quantified.
-In Figure 2C , the authors show that Dgrip75 RNAi causes a decrease in the number of R62 labeling along astral microtubules. One possibility is that gamma-tubulin becomes unstable in absence of Dgrip75. This should be verified by Western Blot.
-The authors mentioned they used static GFP-tubulin dots as positional markers? Why are these present? Is this a consequence of overexpression and/or aggregation of GFP variant? -The authors should comment on the length and shape of astral microtubules in human cells in GCP4 RNAi treated human cells.
Referee #3 :
The manuscript by Bouissou et al. entitled " -Tubulin ring complexes and EB1 play antagonistic roles in the control of spindle positioning" is an excellent and thorough study which extends the author's previous work describing g-TuRCs in regulating plus-end microtubule dynamics. In their current submission, the authors show that g-TuRCs localize along astral microtubules and play an important role in regulating their dynamics so that spindle orientation occurs properly. Moreover, they demonstrate novel mechanism whereby that this activity is counteracted by EB1 and that gTuRCs control EB1 localization to MT plus-ends and likely through manipulating MT lattice conformation. Overall, the data in this study are very convincing. The incorporation of cultured human cell work enhances its impact and will appeal to a wide-readership. My recommendation is that the manuscript be accepted with relatively minor revision. My concerns are listed below:
1. The title could be changed to include that g-TuRCs and EBI play antagonist roles in controlling microtubule dynamics as well since half the paper is dedicated to this.
2. Page 6, last paragraph: it would be helpful to the reader if the authors described what kind of Dgrip75 mutants they are using? Are they null mutants?
3. The effects on spindle orientation in larval neuroblasts appears quite subtle, again this maybe due to the type of Dgrip75 mutant they are using -I don't know. But it would be nice to know whether this described defect in spindle position actually perturbs asymmetric divisions. Is there an increase in the number of symmetric divisions in these mutants? Basically how important is g-TuRC in asymmetric divisions.
4. Figure 1C : the authors should include a Western blot showing that siRNA resistant GCP4 is present in HeLa cells treated with GCP4 siRNA.
5. Page 10, paragraph 2, sentence 12: the authors state that increases in mitotic index observed after Dgrip75 depletion were rescued after EB1 depletion and then reference Figs 4B and S4B and C but I don't see those measurements anywhere. They should provide them.
6. Page 11, paragraph 1: when stating the microtubule dynamicity measurements, the authors use commas when they should be periods. More importantly, on page 9 the authors state that astral microtubule dynamicity in control RNAi cells is 6.3 m/min versus 8.3 m/min in Dgrip75 depleted cells. Then later, on page 11, the authors say that in a different set of experiments, astral microtubule dynamicity in control RNAi cells is now 8.5 m/min versus 7.9 m/min in double Dgrip75/EB1 RNAi-treated cells. Why has the dynamicity in control RNAi cells increased from 6.3 to 8.5? In the second set of experiments control dynamicity is now very similar to the Dgrip75 dynamicity values in the first set of experiments. The standard deviations are much lower in the first set of experiments as compared to the second set. What is the reason for this discrepancy? How many astral microtubules were measured in the second set of experiments? Perhaps they need to measure more astral MTs in the double depleted cells? This is an important point because the authors argue a near rescue in dynamicity in the double Dgrip75/EB1 depleted cells which is very relevant to their mechanism.
7. Page 11, paragraph 3: no need to make this single sentence its own paragraph -combine with the previous paragraph.
8. Page 12, paragraph 1, sentence 2: the authors state that the length of the EB1 comets were significantly increased in Dgrip75 depleted cells. How do they know this increase in length is significant if the EB1 comet lengths were not measured? They should be measured and their average lengths described.
9. Page 12, paragraph 1, sentence 10: the authors state that HAUS6 depletion let to an increase in EB1 comets. Is this an increase in the number of EB1 comets or the length of the EB1 comets. Again, if this is an increase in comet length, then it would be worth reporting length measurements. Is the increase in length different in human cells versus fly cells? 10. Figure 6 : it would be helpful to the reader to include a higher magnification image of the hMB11 staining on individual microtubules. Also, since this study is focused on astral microtubule in the mitotic spindle, the authors should show hMB11 staining of astral microtubules in control and GCP4 depleted cells not just microtubules in interphase cells.
11. Page 15, sentence 11: This should be the start of a new paragraph. Referee #1
Various figures and experiments: It is confusing (and problematic for the analysis and interpretation of the data) that the authors present and compare cells at different stages of mitosis.
In all experiments showing astral microtubule localization of proteins and analyzing spindle positioning and astral microtubule dynamics only proper metaphases with aligned chromosomes should be used (see below). -a) We agree with the comments of the referee and we include metaphases for HeLa cells in Fig. 2 and Supplemental Fig. 3 and Fig. 4 . However, the immunostaining procedure used (Triton permeabilization before fixation) fails to preserve condensed chromatin in an optimal manner, and the resulting -slightly diffuse-DNA labelling may sometimes obscure otherwise correct metaphase alignment of chromosomes. with the HAUS6 and g-tubulin antibodies. Comment added to page 8: "However, it is important to notice that it is more difficult to observe astral MTs in metaphase as at this stage, MTs are shorter and much more labile compared to the other mitotic stages" Since we also wanted to make the point that g-TuRCs and Augmin complexes are localized along astral MTs throughout mitosis, we left images of later mitotic stages in the manuscript.
b) For characterization of the phenotypes (spindle orientation and MT dynamics), our analyses were performed only on metaphase spindles.
2.
Fig 1: Impaired spindle positioning could be explained by centrosomal nucleation/aster organization defects rather than specific effects of non-centrosomal γTuRC on astral microtubule dynamics. Consistent with this possibility previous work by the authors has shown an increase in monopolar spindles after Dgrip75 RNAi. Surprisingly, the current study does not observe this (Fig. S4A) Fig. 1B, right panel) . For this analysis, we investigated GFP-α-tubulin S2 cells, on coverslips coated with Concanavalin A, following the protocol that has been used to measure spindle length and astral MT length, as shown in Supplemental Fig. 1B left and middle panels, respectively. -b) We quantified the density of astral MTs at steady state in a circle zone centred on the poles (4µm diameter). In this analysis, we did not notice any significant difference between control and g-TuRC-depleted cells (Supplemental Fig. 1C , left panel noted "before) -c) We performed the same density analysis in MT regrowth experiments. S2 cells were fixed at various times after cold exposure and then stained for a-tubulin to evaluate the pole MT regrowth capability. In both control and Dgrip75-depleted cells, MTs were completely depolymerized after 2 hr of cold treatment and the patterns of MT regrowth observed in control and Dgrip75 RNAi treated cells were not significantly different. Only a subtle delay was observed in Dgrip75-depleted cells compared with control cells (at +15s), but the number of MTs rapidly became indistinguishable (Supplemental Fig. 1C , right panels and manuscript page 5). Similar results but with different kinetics were already obtained in interphase (see Fig. 1B in Vérollet et al, 2006) . Altogether, these data show that the nucleation activity at the pole appears comparable in control and Dgrip75-deficient cells.
Concerning the quantification of prophase with short MT asters after depletion of Dgrip128 (previous Supplemental Fig. 2C , third panel), we are really sorry for the typographic error: in fact statistical analysis predicted no significant difference (n. s.) instead of ****. This fits with results obtained after Dgrip75 depletion presented in the previous Supplemental Fig. 4C . However, to avoid confusion in our message focused on metaphase phenotypes, we chose to delete these results. We suppressed the panel corresponding to the prophase figures and associated quantifications (previous Fig. 4B , upper panels; previous Supplemental Fig. 2C and Supplemental Fig. 4C , right panels). If these data are considered necessary by the referees, they are, of course, still available.
-Concerning the discrepancy on the percentage of monopolar spindles between this study (percentage of monopolar not significant, now Supplemental Fig. 5 ) and the one published by Vérollet et al, 2006 (percentage around 15%), we admit that it could be confusing. In this study, Drosophila cells were treated with double-strand RNAs (dsRNA) at day 1 and harvested on day 5 (as indicated in Materials and Methods, page 19), while in the study of Vérollet et al (2006) "Cells were treated twice with RNAi at days one and five and harvested on day seven". Thus, the lower amount of monopolar spindles in the present manuscript might result from shorter RNAi treatment. Performing RNAi treatment twice was incompatible with the "induced polarity experiment", therefore we adopted the same protocol for the whole manuscript.
3-The authors cannot exclude that Dgrip75-deficient gamma-tubulin complexes at spindle poles affect microtubule dynamics and spindle positioning, rather than lack of gammaTuRC on astral microtubules. The authors should test whether the same defects are also observed upon depletion of augmin, which would only interfere with gammaTuRC recruitment to astral microtubules but not with its assembly/function. In human cells this is difficult due to pole fragmentation after augmin depletion, but in Drosophila this should be possible.
Dgrip75-deficient g-tubulin complexes essentially corresponded to small complexes with properties similar to g-TuSCs (Vérollet et al, 2006) . We verified that after Dgrip75 depletion these complexes were no longer recruited along astral MTs and very few along internal spindle MTs while they were maintained at lower extent at the poles (compared Fig 2Ca-b versus Fig. 2Aa-b) . As proposed by the referee, we cannot exclude that this lower intensity to the poles could have some consequences on spindle positioning. However, we show that if there is some difference in nucleation activity at the poles it is minimal (see point 2b and c). Besides, previous data showed that in interphase Drosophila cells the soluble pool of a/b tubulin was not significantly changed after depletion of individual gTuRC grip-motif proteins (Bouissou et al., 2009; . For more details, see discussion page 16 where we state: "Even if the soluble pool was slightly increased, the effects on MT dynamics would probably be minimal, since MT dynamics in cells, in contrast to the situation described in vitro, appeared much more sensitive to the regulation by MT-associated proteins than to the concentration of free a/b tubulin".
As suggested by the reviewer, we performed additional experiments to support the idea that gTuRCs associated to MTs contribute to proper spindle positioning. We used live-cell imaging in Drosophila GFP-a-tubulin S2 cells. "After Dgt6 RNAi treatment (condition in which the assembly of the g-TuRCs and their recruitment to the poles were not affected), spindles rotated with higher angles compared to control spindles (Supplemental Fig. 4E-F) . These results are similar to the ones described after Dgrip75 depletion (Fig. 1A) , supporting the idea that the g-TuRCs associated to MTs are involved in spindle positioning". See page 9. However, these results must be considered with caution: first, because as previously described the phenotypes after depletion of a g-TuRC specific subunit and after depletion of an Augmin component are not strictly identical; for example the integrity of the centrosome in human cells (Lawo et al, 2009) or the formation of kinetochore fibers in Drosophila cells (Bucciarelli et al, 2009 ); second, because only a fraction of Augmin complexes seems to co-localize with the g-TuRCs associated to MTs (Supplemental Fig. 3B ). Fig 1C: The We replaced the picture by another which is more representative of the analyzed stages (as mentioned before, only metaphase spindles have been considered for the analysis). However in some pictures, chromosomes were aligned but because of the misorientation of the spindle, the metaphase plate was not perpendicular to the coverslip and did not appear as a line after xy projection. Fig. 2C : A control metaphase cell stained with the same antibodies is required in the same panel. A control metaphase is presented in Fig. 2Aa-b . This image is the control for Fig. 2C as intensities between Fig. 2Aa-b and Fig. 2Ca-b are comparable (the same parameters in microscope acquisition and image treatment were used). Fig. 2D, 2E , S3: Are augmin and gamma-tubulin complex subunits on astral microtubules only seen in prometaphase and telophase in Hela cells? Augmin and g-tubulin complex subunits on astral MTs are not only seen in prometaphase and anaphase/telophase in Hela cells, but at these mitotic stages the localization is more intense. Due to the characteristics of astral MTs in metaphase, it is more difficult to preserve these MTs during the immunofluorescence procedure (see point 1a). However, we added metaphase spindles in Fig. 2 and Supplemental Fig. 3 Fig. 4C and 4D corresponding to previous panels in the Supplemental Fig. 3F and 3G.
4-
5-
6-
-For the decrease of g-tubulin on astral MTs after Augmin depletion, it is a real challenge to provide quantification. We performed 3 independent experiments and for each experiment, we acquired 10 spindles per condition using the same parameters for microscope acquisition and image treatment. We tried to quantify the intensity of g-tubulin staining/MT staining at the pole but the proximity of the bright centrosomes perturbed measurements. Therefore, we chose to illustrate the data by a couple of metaphases (control and siRNA-treated) representative of our observations. In a new version, we paid a special attention to the exposure conditions (Supplemental Fig. 4C-D) .
8-I don't understand why the analysis of MT dynamics of interphase wildtype cells is presented in the main figure? It is more important to include the dynamic MT parameters from Dgrip75-depleted, EB1-depleted, and Dgrip75/EB1 co-depleted cells in the table.
-To address this point, we replaced data on interphase MTs with the ones on astral MTs after Dgrip75-depletion (Fig. 3B ). -For the dynamic parameters after EB1 depletion, as we mentioned in the text (pages 11-12), it was not possible to track astral MTs because EB1 depletion resulted in shortening and almost complete loss of astral MTs (Fig. 4Bc) . Nevertheless, we introduced a table that summarizes the MT parameters after Dgrip75 and EB1 co-depletion (Supplemental Fig. 5D ). As suggested by the referee 3, we tracked more MTs to obtain in this revised manuscript dynamic parameters with a better statistical relevance.
9-From the dynamic MT parameters it is not clear why the Dgrip75-depleted cells would have longer astral microtubules and not the opposite (since the authors claim that gammaTuRC stabilizes astral MTs). This should be addressed/explained.
There is not an automatic correlation between an increase of the dynamicity and a decrease of the MT length. Dynamicity is a global parameter that reflects the overall exchange of tubulin with the MT ends calculated by dividing the sum of total length grown and shortened by the life span of the MT (Rusan et al., 2001) . It includes the variation of all the individual dynamic parameters that we detailed in the present version (Fig. 3B) . After Dgrip75 depletion, the growth and shrinkage rates were increased by roughly the same order of magnitude and the time spent in pause was decreased by about 30%. Tracking more MTs gave us evidence for a slight but significant increase in rescue frequency while the percentage of catastrophe transitions remains unchanged. This could explain a longer time spent at a growing state and consequently the increase of the astral MT length (Supplemental Fig. 1B, middle panel) . We include an explanation in the manuscript on page 10.
10-Fig. 4: Pictures of spindles in control and treated cells should be provided. Again it would be crucial to compare only cells at metaphase (see point 4 above).
In order to be clearer and to concentrate on metaphase phenotypes (control and siRNA treated), we suppressed the upper row of Fig. 4B corresponding to prophase stages. We only maintained the lower row corresponding to metaphases where control was included (now Fig. 4Ba ).
11-Fig. 6: The proposed increase in tubulin-GTP islands is interesting, but the provided data a little weak (no analysis of mitotic cells, no costaining with EB1). Colocalization of tubulin-GTP and EB1 could be tested by using cells expressing EB1-GFP.
-In the manuscript, tubulin-GTP islands were presented only in interphase because the procedure required for hMB11 immunostaining did not allow a good conservation of the more unstable MTs. hMB11 antibody did not recognize GTP-tubulin after fixation, therefore we needed to permeabilize and stain before fixation (following the protocol of Dimitrov et al, 2008) . Moreover, the addition of low concentrations of taxol that is advised by Dimitrov et al to enhance MT stability during immunostaining procedure cannot be applied in our study, since it would interfere with the dynamic parameters that we are investigating. Nevertheless, we re-observed metaphase spindles: whereas the labelling of hMB11 was very strong in the inner MT spindle, it was weak along the few visible astral MTs both in control or GCP4-depleted cells. Therefore, from these data it appears difficult to assess whether there is an increase after GCP4-depletion. (Bar, 5µm) -For the colocalization of tubulin-GTP and EB1, technical problems due also to the staining procedure prevent EB1 staining. To try to circumvent the problem, we used two cells lines (EB1-GFP HeLa and EB3-GFP HeLa) established by A. Akhmanova (Utrecht University, The Netherlands). In both cell lines, in all conditions tested (range of Triton concentration, duration of treatment…), we did not preserve GFP-EB labelling. A simple explanation could be that permeabilization treatment prior to fixation was sufficient to stop MT growing, leading to loss of EB1 from the MT plus ends. Same technical problems were encountered with other +TIPs (de Forges et al, 2013) .
Minor concerns:
12 and 15- Fig. S5 should be presented like Fig. 5 E, F . Fig. 5 : The effect of HAUS6 depletion on interphase EB1 localization are surprising, since a function of augmin in interphase has not been described previously. It may be useful to restrict the analysis to mitotic cells, which will be sufficient to support the main conclusions of the study. We completely agree with these suggestions. In interphase, in our conditions, we did not visualize augmin staining. Therefore, to support the main message, we restricted the analysis to mitotic cells and we adopted in Supplemental Fig. 6 (previous Supplemental Fig. 5 ) the presentation like in Fig.  5F (magnification and quantification were now included).
13-Page 12, end of first paragraph: "...led to an increase of EB1 comets". If I understand the data correctly this sentence is inaccurate and should be rephrased.
We rephrased the sentence page 12: "While in control cells EB1 labelling was mainly restricted to the MT distal ends, in depleted cells the accumulation of EB1 to the tips was reduced but the length of EB1 staining along microtubules was significantly increased." 14- Fig. 4C : The colors/labels in figure and legend do not match. We changed the presentation and therefore solved the problem of the legend. Figure 3C .
Referee #2
1-The authors should consider arresting cells at metaphase (using MG132 for example) to better appreciate astral MTs. Analysis of anaphase/telophase cells can be problematic considering the eminent disassembly of kinetochore MTs (where a good proportion of Augmin and gamma-TuRCs localize). This is particularly true for the co-localization of gamma-tubulin and the Augmin complex shown in
Essentially, I would like the authors to show labeling of astral MTs in metaphase cells as this was not very clear in the current version of the manuscript.
We agree with the comments of the referee. One of our messages is that g-TuRCs and Augmin complexes are localized along astral MTs throughout mitosis. In the previous version, we showed these protein localizations during the early mitotic phases (prophase and prometaphase) and also during anaphase/telophase. We had omitted metaphase figures, not because metaphases are rare but because astral MTs in this mitotic stage are shorter and more sensitive to permeabilization compared to the other mitotic stages. However, in a new version, we included metaphases in Fig. 2 and in Supplemental Fig. 3 and 4 (joined in the previous version in Supplemental Fig. 3 ). For details, see point 1, referee 1. For the phenotypic analysis (spindle orientation and MT dynamics parameters), as mentioned in the answers to the referee 1, we considered only metaphase spindles.
2-It was previously shown by the authors that NEDD1 localizes to interphase microtubule ends. Is Augmin also there?
We analyzed the localization of Augmin subunits during interphase with available tools. In Drosophila unfortunately, it is not possible to address this question because antibodies showed poor specificity by immunofluorescence. In HeLa cells, in our staining conditions using HAUS2 and HAUS6 antibodies, we did not visualize Augmin along interphase MTs. This is consistent with previous publications showing that Augmin components interact preferentially with mitotic gTuRCs (Teixidó-Travesa et al, 2010) , and that association with spindle MTs is modulated through phosphorylation by mitotic kinases (Johmura et al, 2011; Zhu et al, 2009) . Following the advice of the editor, we did not extend the studies on Augmins in much more details, since we were limited by space restrictions, and since we wanted to focus on g-TuRCs in this manuscript. We agree, though, that this is an important field that we would be interested in the future.
3-The localization of gamma-tubulin to Astral MTs in live cell is not very convincing and could be improved.
In an attempt to be more convincing, we present a new picture (Fig. 2D) . However, it is difficult using the g-tubulin-GFP/mCherry-α-tubulin S2 cell line to obtain an enough resolution to follow individual MTs, even after plating on Concanavalin A.
4-The authors should confirm by Western Blot that the levels of gamma-tubulin are not altered after Augmin RNAi treatment.
As suggested, we analysed by Western blot the level of g-tubulin after HAUS6 siRNA treatment in HeLa cells (Supplemental Fig. 4A ) and after Dgt6 RNAi in Drosophila cells (new data, Supplemental Fig. 4E ). In both cell lines, the level of g-tubulin was not significantly affected after depletion of an Augmin subunit. We added a sentence in the text page 9.
5-It would be of interest to know if NEDD1 is required for loading of gamma-tubulin on astral MTs.
This would be consistent with the published role for NEDD1 in the recruitment of gamma-TuRC to centrosomes and further validate the requirement for Augmin they describe. Additionally, is NEDD1 localization to astral MTs affected by Augmin depletion? Together, these experiments will allow the authors to establish if the recruitment hierarchy between Augmin, NEDD1 and gammatubulin observed within the spindle operates identically on astral MTs It will be very interesting to determine the hierarchy of recruitment of Augmin, NEDD1 and gtubulin. However, because of the poor titre of several of our antibodies and the difficulties to track proteins along individual MTs, it is currently hard to perform all the combinations of experiments. Taking into account the advice of the editor, we concentrated our efforts on other points in the manuscript, but we can present a few additional data to the reviewer that we decided to not include in the revised manuscript: -First, the staining of HAUS6 along astral MTs is maintained after NEDD1 depletion. Therefore, after g-TuRC (Supplemental Fig. 4D ) or NEDD1 depletion (see joined figure), Augmin labelling was still present along MTs while g-tubulin staining disappeared after HAUS6 siRNA treatment (Supplemental Fig. 4C-D) . These data suggest a recruitment of the Augmin complexes on astral MTs prior to g-tubulin complexes or a pre-requisite formation of large complexes (including Augmin and g-TuRCs) in the cytoplasm before their recruitment along MTs via Augmin complexes. (Bar, 5µm) --Second, g-tubulin labelling was undetectable both along kinetochore and astral MTs after NEDD1 down-regulation. Although these experiments are preliminary, these results suggest the hierarchy Augmin-NEDD1-g-TuRCs on astral MTs, as the situation already proposed for recruitment along spindle MTs.
6-The authors should investigate what happens to astral MT dynamics when kinetochore assembly is perturbed. From this reviewer's perspective, it remains possible that defects in spindle architecture, not MT nucleation can alter both plus-end dynamics and astral MT length and conformation.
Until now, to our knowledge, no problem in kinetochore assembly was reported after g-TuRC down-regulation. Drosophila mutants in genes coding specific g-TuRC components are viable and impairment of g-TuRC assembly both in vivo and in cell cultures induces moderate mitotic defects and a slight increase in aneuploidy (Vérollet et al, 2006; . In contrast, mutants in most genes essential for kinetochore assembly are lethal and lead to strong chromosome missegregation and aneuploidy (Przewloka et al, 2007) . To get more information, we analyzed chromosome behaviours during mitosis of S2 cells stably expressing CID-cherry (Drosophila CENP-A homologue) and GFP-tubulin (Gift from SL. Rogers, University of North Carolina, Chapel Hill, NC). No obvious differences were observed in control compared to Dgrip75-treated cells, suggesting no huge defects in kinetochore/MTs interface. (Bar, 5µm) However, as pointed out by the referee, a very pertinent question (but perhaps too ambitious for the focus of the paper) is to understand how architecture of the spindle (characterized by the number and properties of kinetochore and interpolar MTs) could affect properties of astral MTs. More generally, how acting on a subset of mitotic MTs could alter the others subtypes. Although some insilico-modelling of spindle MTs has been published (Gay et al, 2012; Paul et al, 2009) , to our knowledge, these models do not provide answers to this specific question. In order to answer to some extend the referee question, we depleted in HeLa cells the kinetochore protein Nuf2 using siRNA (30h and 48h treatment). Even after short RNAi treatment, we observed significant cell lethality and the remaining cells were massively blocked in prometaphase stages, with mostly unaligned chromosomes (data not shown, Sundin et al, 2011; DeLuca et al, 2003) . Because of the too strong phenotypes, the consequences on the astral MTs and spindle orientation during mitotic progress are difficult to analyse.
7-I think it would be very important to discuss relative forces that act on the mitotic spindle that can contribute to its efficient positioning. Perhaps modulating Augmin, gamma-TuRC activity, or even kinetochore microtubule assembly can have a huge affect on available tubulin and can potentially skew MT nucleation in favor of astral microtubules.
Different lines of evidence show that the incidence of depleting g-TuRC or Augmin complexes on free tubulin pool is rather low both in interphase and mitosis (Western blot analysis, immnunofluorescence, MT regrowth capability….) Bouissou et al, 2009 , see also new data presented in Supplemental Fig. 1B and C) . Recently, nice electron tomography analysis illustrates the fact that the global density of nucleated MTs during mitosis differed in control compared to Augmin-depleted cells to an extent of 15% maximum (see Fig. 1C in Kamasaki et al, 2013) . See for more details discussion page 16 : "Even if the soluble pool was slightly increased, the effects on MT dynamics would probably be minimal, since MT dynamics in cells, in contrast to the situation described in vitro, appear much more sensitive to the regulation by MTassociated proteins than to the concentration of free a/b tubulin". Also, see point 3, referee 1.
8-The authors should clarify what they believe the Augmin complex is actually doing. Nice work from the Goshima lab using electron tomography challenges how the authors think Augmin functions in astral microtubule dynamic regulation.
We appreciated the nice electron tomography study by Kamasaki et al, 2013 . This reference has been added to the new version of the manuscript. They showed that in U2OS cells, in a region near the pole, the density of MT ends was not significantly changed after Augmin knockdown while the number of MT ends decreased in the body of the spindles. It is interesting to notice that inner MT ends represent no more than 17% of the total spindle MT ends. This analysis fits well with previous data (Goshima et al, 2008; Uehara et al, 2009) and with the phenotype that we described after Dgrip75 (or GCP4) depletion e. i. MT density was unchanged around the poles (Supplemental Fig. 1C , left panel) while it decreased in spindle body (Intensity in a spindle region/ Intensity around the pole: 1.2±0.4 in control compared to 0.8±0.3 in Dgrip75 treated cells, n=30 and Vérollet et al, 2006) . Our study as well as previously published data on plant cells did not argue against a function of MTbound g-TuRCs in secondary nucleation but suggested these complexes could have additional functions (see discussion page 16). "We propose a certain heterogeneity or plasticity in g-TuRCs associated to the MT surface. In addition to their nucleation activity, some g-TuRCs by attachement on the MT surface could exert by themselves a stabilizing effect on the individual MTs, independent of their dormant potential to nucleate secondary MTs." In our mind, the roles as secondary nucleation centers (the best characterized) and as MT dynamic regulators are not mutually exclusive. We have to mention that, from our study, we can not exclude that proteins different from Augmin are also involved in the recruitment of g-TuRCs along astral MTs (see page 15).
9-It is mentioned that "less straight" astral MT are observed and that astral MT number is not reduced in absence of Dgrip75. This should be quantified. We introduced a third panel (right) in Supplemental Fig. 1B , where we determined the number of astral MTs in control versus Dgrip75-deficient cells. For this analysis, we took back the same GFP-α-tubulin S2 cells, on coverslips coated with Concanavalin A, that have been used to define the two other parameters (spindle length and astral MT length shown in left and middle panel, respectively). The difference noticed between the two conditions was not significant. We also observed that some MTs appeared less straight than in control. This parameter on the characterization of the MTs is only qualitative and as it is very difficult to quantify, we decided to remove this notion from the text.
10-
In Figure 2C , the authors show that Dgrip75 RNAi causes a decrease in the number of R62 labeling along astral microtubules. One possibility is that gamma-tubulin becomes unstable in absence of Dgrip75. This should be verified by Western Blot. We verified by Western blot that the level of g-tubulin was unchanged after Dgrip75 RNAi in S2 cells (middle panel Supplemental Fig.1A and Vérollet et al, 2006) . We performed the same analysis after GCP4 depletion in HeLa cells (middle panel Supplemental Fig. 4B ).
11-The authors mentioned they used static GFP-tubulin dots as positional markers? Why are these present? Is this a consequence of overexpression and/or aggregation of GFP variant?
We used static GFP-a-tubulin dots outside the MTs as reference points to verify that the recorded rotation of the spindles did not result from an overall movement of the cells. These dots, probably the consequence of some local aggregation of the GFP-tubulin, were rare and not associated with a particular phenotype. Nevertheless, we controlled by Western blot the level of expression of the GFP-variant: a-tubulin-GFP constitutes no more than 50% of the endogenous level of a-tubulin suggesting a weak overexpression of the GFP variant. 5µg of total protein extract from S2-a-tubulin-GFP were revealed with an a-tubulin antibody (Abcam).
12-The authors should comment on the length and shape of astral microtubules in human cells in GCP4 RNAi treated human cells.
For the length of astral MTs in human cells, we observed the same tendencies as in Drosophila cells e. i. MTs longer compared to control. Due to spindle disorientation, this parameter was not easy to quantify. The number did not seem significantly affected. See joined metaphases representative of a control and of a GCP4 siRNA treated cell (Bar, 5µm).
α-Tubulin-GFP α-Tubulin
Referee #3 1-The title could be changed to include that g-TuRCs and EBI play antagonist roles in controlling microtubule dynamics as well since half the paper is dedicated to this. As suggested, we included the idea of MT dynamics in the title:"g-Tubulin Ring Complexes and EB1: antagonistic roles in microtubule dynamics and spindle positioning".
2-Page 6, last paragraph: it would be helpful to the reader if the authors described what kind of Dgrip75 mutants they are using? Are they null mutants?
We added a sentence on the characterization of Dgrip75 mutant used, page 7: "The nonsense Dgrip75 175 mutant results in a truncation of the predicted protein in the N-part of the protein, suggesting either null or at least a strong allele ." 3-The effects on spindle orientation in larval neuroblasts appears quite subtle, again this maybe due to the type of Dgrip75 mutant they are using -I don't know. But it would be nice to know whether this described defect in spindle position actually perturbs asymmetric divisions. Is there an increase in the number of symmetric divisions in these mutants? Basically how important is g-TuRC in asymmetric divisions. Several interpretations could explain that the effects of the Dgrip75 mutation (although null or strong allele) appear subtle on spindle orientation of larval neuroblasts. i) First, perhaps there is a technical bias in the choice of the mutant brains. The structure of some, probably the ones that are the more affected by the mutation, are very difficult to preserve during the dissection procedure. ii) It is proposed in the literature that in vivo different mechanisms cooperate to insure the correct orientation of the spindles in metaphase, and some of these mechanisms seem independent of astral MTs (McNally, 2013) .
We tried to quantify the defects in asymmetric divisions by colabelling brains with neuron (Elav) and neuroblast markers (Miranda). In our conditions, we did not detect any significant difference in the distribution of neurons versus neuroblats in Dgrip75 175 brains compared to wild type ones (data not shown). One explanation could be that some compensation mechanisms acting at the end of mitosis are able to correct at least partially defects in spindle orientation ensuring efficiently asymmetric divisions. For example, in Drosophila mutants with defects in centrosome activity (centrosomin null mutant), neuroblast spindles exhibit few or no detectable astral MTs but only 22% are improperly orientated with no serious consequences on development of the nervous system (Megraw et al, 2001 ). Besides, mutants in a protein essential for centriole replication exhibit spindles without astral MTs but only 30% of abnormalities were observed during asymmetric divisions (Basto et al, 2006) . In this case, the size and morphology of wild type and mutant brains were indistinguishable with no obvious differences in the distributions of neurons or neuroblasts. Figure 1C : the authors should include a Western blot showing that siRNA resistant GCP4 is present in HeLa cells treated with GCP4 siRNA. We included theWestern blot corresponding to the 4 conditions (control, expression of GCP4 resistant to siRNA induced by doxycycline, siRNA GCP4, siRNA GCP4 in addition to the expression of GCP4 resistant to siRNA) (see Supplemental Fig. 1F ). In the new version of the manuscript, we provided the measurements of the mitotic indices in control-, Dgrip75-, EB1-or in double-depleted cells (Supplemental Fig. 5C , right panel). In the same manner, we added the mitotic indices after Dgrip128 depletion (Supplemental Fig. 2C We replaced commas by periods. -Pages 9 and 11: Drosophila cells grow at temperature between 22°C to 25°C and we were used to track MTs at room temperature. Therefore, depending when the experiments have been performed (period of the year), we observed some fluctuations in dynamic parameters which are sensitive to temperature. However, in the two sets of experiments, we confirmed a modification in dynamic parameters of the same extent: increase of about 30% in Dgrip75 RNAi treated cells compared to control cells. In the second set of experiments, perhaps due to the heterogeneity in cellular response generated by the double RNAi-treatment, as suggested by the referee, we counted more MTs to obtain acceptable standard deviations. The refined quantifications were included in the manuscript (7.9±0.8 µm/min in co-depleted cells versus 8.3±0.7µm/min in control cells, n=45). The details of all the MT dynamic parameters were also added (Supplemental Fig. 5D ).
4-
5-
7-Page 11, paragraph 3: no need to make this single sentence its own paragraph -combine with the previous paragraph We combined the last sentence with the previous paragraph (now page 12). 
8-
Is the increase in length different in human cells versus fly cells?
For the measurement of the length of EB1 labelling along astral MT plus-ends in HeLa cells, we quantified by Image J the length of EB1 staining on one z plan (no projection) in control versus GCP4 siRNA (Fig. 5F, right panel) , and in control versus HAUS6 siRNA (Supplemental Fig. 6 , right panel). In the 2 sets of experiments, the length of EB1 staining was significantly increased and roughly by the same extent. By a same approach, we also analyzed the extent of EB1 staining in control versus Dgrip75RNAi in Drosophila cells (Fig. 5B, right panel) . In this condition also, there was a clear increase in EB1 staining, phenotype being even stronger than in human cells. However, it is difficult to compare the results obtained with the two cell lines as EB1 was stained by different antibodies and the morphologies of the cells are quite different. As noticed by the referee, our wording was inaccurate and we rephrased page 13: "Moreover in HeLa cells, depletion of the augmin-subunit HAUS6 also led to an increase of the length of EB1 staining along astral MTs (about 2.5-fold, Supplemental Fig. 6 )". We were aware of the ambiguity and in the new version of the manuscript we rephrased several sentences concerning EB1. Figure 6 : it would be helpful to the reader to include a higher magnification image of the hMB11 staining on individual microtubules. Also, since this study is focused on astral microtubule in the mitotic spindle, the authors should show hMB11 staining of astral microtubules in control and GCP4 depleted cells not just microtubules in interphase cells Inserts corresponding to a 3-fold magnification of control and GCP4 siRNA were added in Fig. 6A . For hMB11staining on astral MTs, see point11, referee 1
10-
11-
Page 15, sentence 11: This should be the start of a new paragraph. As suggested, at sentence 11, we started a new paragraph.
